Large basaltic provinces as much as 15 km thick are common in Archean cratons. Many of these flood basalts erupted through continental crust but remained at sea level. Although common in the Archean record, subaqueous continental flood basalts (CFBs) are rare to absent in the post-Archean. Here we show that gravity-driven lower crustal flow may have contributed to maintaining Archean CFBs close to sea level. Our numerical experiments reveal that the characteristic time to remove the thickness anomaly associated with a CFB decreases with increasing Moho temperature (TM), from 500 m.y. for TM ≈ 320 °C to 1 m.y. for TM ≈ 900 °C. This strong dependency offers the opportunity to assess, from the subsidence history of CFBs, whether continental geotherms were significantly hotter in the Archean. In particular, we show that the subsidence history of the ca. 2.7 Ga upper Fortescue Group in the East Pilbara Craton, Western Australia, requires Moho temperatures >>700 °C. Applied to eight other unambiguous subaqueous Archean CFBs, our results indicate Moho temperatures >>650 °C at the time of eruption. We suggest that the decrease in the relative abundance of subaqueous CFBs over Earth's history could reflect the secular cooling of the continental lithosphere due to the decrease in radiogenic heat production. Large basaltic provinces up to 15 km thick are common in Archean cratons. Many of 9 these flood basalts erupted through continental crust but remained at sea level. While common in 10
cooling of the continental lithosphere due to the decrease in radiogenic heat production.
INTRODUCTION 24
A salient feature of the Archean geological record is the abundance of subaqueous 25 greenstone belts 5-15 km thick, dominated by mafic volcanics and covering areas > 100,000 km 2 26 (de Wit and Ashwal, 1997; Arndt, 1999; Kump and Barley, 2007) . Archean greenstone belts 27 differ in composition, structure and geological setting, including arc-like and mantle plume 28 settings. We aim to explain why thick CFBs failed to emerge and thus why subaqueous CFBs 29 were relatively common in the Archean (Table 1 (Arndt, 1982) and the c. 250-Ma Siberian Flood Basalts (Czamanske et al., 1998) . We note that 33 maintaining Archean CFBs up to 10 km thick and emplaced in < 70 Myr (Table 1) needed for the crust to reach mechanical equilibrium, we design a 2D-cartesian model of a 48 vertically stratified continental lithosphere on which a CFB has been emplaced and is in isostatic 49 equilibrium (Fig. 1) . The models are 800 × 100 km and they consist, from top to bottom, of a 20 50 km thick compressible air-like layer, a volcanic plateau, a 40 km thick continental crust and the 51 uppermost 40 km of the mantle (Fig. 1) . We consider CFBs of width 300 km, of thickness 3, 6, 9 52
and 12 km and we use a conservative density of 2840 kg m -3 since CFBs consist of up to 50% 53 sediments. We adopt a visco-plastic rheological model, combining frictional flow 54 (supplementary methods) and the temperature-dependent viscosity law (modified from 55 Solomatov and Moresi, 1997) 56
where T is the temperature, η 0 is the reference viscosity and γ = Q/RT p 2 , with Q being the 58 activation enthalpy, R the gas constant and T p the temperature at the base of the lithosphere 59
(parameter values are given in Table DR1 ). We limit the range of viscosities to 5 × 10 We use a thermal model in which the depth-independent crustal heat production is 62 calculated back in time (supplementary methods) from the present-day concentration of the bulk 63
Archean continental crust (Taylor and McLennan, 1995; Tables DR1 and DR2 ). We allow the 64 mantle heat flow to vary from a conservative present-day cratonic value of 12 mW m (Table DR2) . Using the composition of present-dayhave been eroded over time (Galer and Mezger, 1998) . We compute an initial series of six 68 geotherms with 400 °C < T M < 900 °C ( Fig. 1 Pa s for T M ≈680 °C (Fig. 1 ), in agreement with 71 laboratory estimates of dislocation creep laws of quartzite (Gleason and Tullis, 1995) . 72
RESULTS

73
For T M >~600 °C, we observe that the removal of the contrast in thickness of the 74 continental crust due to the CFB occurs through lateral flow in a weak lower crustal channel 75 (Fig. 2) . The horizontal pressure gradient due to the final width of the CFB drives the flow. The 76 channel is characterized by a Poiseuille-like velocity profile, and its thickness h increases from 77 10 to 15 km for increasingly hot geotherms. The removal of thickness contrast, determined from 78 two Lagrangian position trackers (Fig. 1) , follows an exponential evolution (Fig. DR1 ) 79
where w(t) is the cumulative thickness of the crust and CFB after a time t, w 0 is the initial 81 cumulative thickness of the crust and CFB and τ f is the characteristic relaxation time of thickness 82 removal by lower crustal flow. We obtain τ f for each model by fitting the calculated evolution of 83 the thickness of the continental crust (Fig. DR1) . 84
Two series of models with varying CFB density and increasing CFB half-width λ allows 85 us to verify that τ f is inversely proportional to CFB density and that τ f increases with λ until it 86 bounded by the shallow-water sediments of the Meentheena and Kuruna Members (Fig. 4) . For 126 these formations that were episodically below sea level, the thickness removal time is necessarily 127 much shorter than the eruption duration. Thus, assuming constant sea level, the subsidence of 128 these basalts requires Moho temperatures at the time of CFB emplacement much greater than 129 680 ºC and than 700 ºC, respectively (Fig. 3) . Given the incertitude on the dependency between 130 rheology and temperature, the uncertainty on these Moho temperatures is ± 100 ºC. 131
The example of the upper Fortescue Group discussed above illustrates that subaqueous 133
Archean CFBs up to 10 km thick could have resulted from lower crustal flow during the repeated 134 accumulation of kilometer-thick basaltic piles. Our model can be tested on at least eight otherthat the eruption duration of individual basaltic event was <~20 Myr (Table 1) . Because τ f is 137 necessarily much shorter than 20 Myr for these subaqueous CFBs, our modeling results indicate 138
Moho temperatures much greater than ~650 ºC (Fig. 3) lithosphere heated by intruding melts, and increase in lithospheric density when dikes solidify as 162 eclogites. This model, which requires a very thin lithosphere, predicts an initial uplift due to the 163 rising plume head followed by subsidence due to the delamination of the lithosphere throughout 164 a short eruption (<~ 5Myr). Alternatively, Leng and Zhong (2010) proposed that the ponding of 165 mantle plume head at the 660-km boundary could result in protracted, small-amplitude subsidence 166
followed by rapid and important uplift prior to the eruption of a CFB. Neither of these processes 167 reproduces the alternation between subaerial and subaqueous facies that is observed over > 35 168
Myr in the Fortescue Group (Fig. 4) . 
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SUPPLEMENTARY METHODS
Because of the symmetry of the problem, only one half of the CFB is modeled. Grid cells are 1560 × 1560 m and each cell includes 36 particles, so that the effective resolution is 260 × 260 m. All boundaries in the models are rigid, undeformable and free-slip, and neither forces nor velocities are applied at any of the boundaries.
Rheological model
Frictional flow is described using the Coulomb criteria (Moresi and Solomatov, 1998) combined with a strain softening function (Wijns et al., 2005)
where ! yield is the shear stress, C 0 is the cohesion of the material at atmospheric pressure, ! is the angle of internal friction, ! n is the stress normal to the failure plane approximated by the lithostatic pressure (Moresi and Solomatov, 1998) and
where ! is the accumulated strain, taken as the second invariant of the deviatoric plastic strain tensor, and ! ! is the "saturation" strain from which the yield stress is reduced by a proportion ! (Wijns et al., 2005) . Values for these parameters are given in Table DR1 .
Thermal model
The crustal heat production is calculated back in time using 
